Weaning is the process of decreasing ventilator support and allowing patients to assume a greater proportion of their spontaneous ventilation with the gradual reduction of ventilator support (1). In order to predict the patients' success in maintaining their spontaneous breathing and oxygenation, some parameters have been researched. Among these, the rapid shallow breathing index (RSBI) is the most studied and most accepted system with the highest predictive value (2, 3).
INTRODUCTION

Weaning Protocol
In the first 24 hours, patients were ventilated by assist-controlled ventilation mode (ACV) with varying fractions of inspired oxygen (FIO 2 ) values providing oxygen saturation measured by pulse oximeter (SpO 2 ) >90%. Beginning from the second day, daily screening (DS) was done according to the following criteria (5-7): the cause of intubation has improved; Pa O 2 /FIO 2 >200 (if FIO 2 of 40-50%, PaO 2 >60 mmHg), positive-end expiratory pressure (PEEP) ≤5 cm H 2 O, f/VT <105 breaths/min/L, f <35/min, sufficient cough reflex during aspirations, no need for a vasopressor or sedative agent (intermittent sedative or dopamine below 5 μg/kg/min is acceptable), and no fever.
Spontaneous breathing trial (SBT) was applied to patients who met the DS criteria. The T-tube method was applied for the SBT circuit for up to 30 minutes. While measuring different combinations, the mean of multiple values at some period of the SBT was recorded. SBT was finished in case of the following events (8) : f>35/min, SaO 2 <90%, heart rate >140 min or an increase or decrease of 20% in heart rate, systolic blood pressure >200 mmHg or <80 mmHg, development of agitation, diaphoresis, anxiety, etc.
Pressure support ventilation (PSV) of 15 cmH 2 O/PEEP 5 cm H 2 O with FIO 2 ≤40% was determined as the starting setting. The PSV settings were decreased as soon as possible. Prior to disconnection, measurements were done in different PSV and PEEP combinations with FIO 2 ≤40%.
Preparing the Patients for the Study
The ethics committee of Gazi University approved the study. Also, the procedures performed in this study were in accordance with the Helsinki Declaration. Informed consent was obtained either from patients (if competent) or their family.
The ventilator settings were controlled initially and saved; the patient was put in to a semi-sitting position and then an endotracheal tube was aspirated. The latest measurements of the blood gas values and the patient's vital signs were recorded in PSV start-up mode. The filter available in the patient's intubation tube was removed at least 2 minutes before the measurements. Then, the measurements were recorded at different PSV and PEEP values with FIO 2 ≤40%, starting from 15 cm H 2 O PSV/5 cm H 2 0 PEEP and then in the following combinations: These combinations were applied randomly for each patient. The patients were allowed to rest for 15 minutes in the PSV 15 cm H 2 O/PEEP 5 cm H 2 O with FIO 2 of 40% mode during the intervals of each combination. The measurements were done with a respiratory monitor for volumetric capnography (COSMO PLUS, Novometrix). After calibrating the device, the values of the alveolar ventilation (VE), respiratory rate (f ), tidal volume (VT), RSBI, SaO 2 , and PaCO 2 were recorded on the related forms and tables.
The patients who passed SBT successfully were extubated and followed by close monitoring in the first 24-48 hours of extubation. When weaning failure occurred, the combination of PSV and PEEP in which the weaning failure was noticed, the causes of this weaning failure, arterial blood gas values, and the vitals findings were recorded. Noninvasive mechanical ventilation (NIMV) was applied to appropriate patients suffering from respiratory failure in the post-extubation period; otherwise they were intubated again and the causes of extubation failure were recorded. Finally, the patient's length of ICU stay, length of MV and hospital stay, the initial day of the weaning trial, the number of weaning trials, and the day and causes of mortality were all recorded.
Criteria for Exclusion from the Study
The patients who did not meet the DS criteria, those who met the DS criteria but could not tolerate SBT, and those who refused to join the study were excluded from the study.
Statistical Analysis
All the data recorded in the study were analyzed by using the Statistical Package for the Social Sciences Windows 10.0 (SPSS Inc.; Chicago, IL, USA) program. The results are quoted as the average ± standard deviation. The t test and Mann-Whitney U test were applied for the comparisons between groups. The paired t-test method was used for the binary comparison of modes. We aimed to compare the values measured in each combination with the values measured in spontaneous breathing calculated standard methods in the literature. Correlations between all the numerical parameters and modes were examined. The results of the Kolmogorov-Smirnov test, which was used to examine the data, showed a non-normal distribution. The values of the sensitivity and specificity were also calculated so the Mann-Whitney U test was used primarily for the variables with a non-normal distribution. We could not give the outcome of the mean values with the Mann-Whitney U test so the t test was used for the mean values with normal distribution. Significant values were the same in the two tests. Correlation was analyzed by the Spearman rank correlation coefficient. A statistical p value below 0.05 was accepted as statistically significant.
RESULTS
Twenty-five patients, 11 of whom were male and whose mean age was 73±10 years, were included in the study. They were intubated in the ICU. The demographic features of the patients are given in Table 1 .
During intubation, tube number 8 was used for 23 patients and tube number 7.5 for 2 patients. Sixty-eight percent of the patients were ventilated for ≥7 days. The possible causes of longer ventilation were
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Eurasian J Pulmonol 2016; 18: 127-32 identified as sepsis, agitation, renal failure, ischemic heart disease, and metabolic acidosis. While the patients stayed in hospital for an average of 29±15 days, they were only mechanically ventilated for an average of 16±16 days. While 11 of the 25 patients (44%) in the study were reintubated, tracheostomy was performed in only four of them (16%).
Different pressure combinations were randomly chosen for each patient. Fifteen cm H 2 O PSV/5 cm H 2 O PEEP with FIO 2 ≤40% was determined as the starting mode. RSBI was measured while the patient was spontaneously breathing and it was compared to the RSBI measured in other pressure combinations. The RSBI values and other weaning parameters calculated in different pressure combinations are given in Table 2 . This table shows our measurements in terms of averaged numbers.
RSBI values measured in different pressure combinations were compared to RSBI measured in spontaneous respiration and their correlations were examined. The 5 cm H 2 O PSV/0 cm H 2 O PEEP combination had the best correlation with spontaneous respiration; 0 cm H 2 O PSV/0 cm H 2 O PEEP and 5 cm H 2 O PSV/5 cm H 2 O PEEP followed it, respectively, while the worst correlation was determined with 0 cm
The patients who were extubated on the day of SBT and not reintubated within 48 hours were considered as the SBT success group and were grouped together as Group A (n=8); the patients who could not be extubated on the day of measurements or who were reintubated within 48 hours following extubation were considered as the SBT failure group and were grouped together as Group B (n=17). There were no significant differences in terms of the demographic characteristics, arterial blood gas values before weaning, and RSBIs between Group A and Group B (Table 3) .
Two patients (25%) in Group A and 11 patients (65%) in Group B had a diagnosis of chronic obstructive pulmonary disease (COPD) (p=0.097). While 4 of the 8 patients (50%) were reintubated in Group A, tracheostomy was performed in only 1 (12.5%) patient. While 7 of the 17 patients (41.2%) were reintubated in Group B, tracheostomy was performed in only 3 (17.6%) patients. There were no statistically significant differences in terms of re-intubation and tracheostomy between the two groups (p=1.000, p=1.000, respectively). The time spent in the weaning process represents 40-50 % of the total duration of MV (7, 11) . If weaning from MV has to be postponed due to some reasons, not only will the cost increase but also some complications could occur, such as airway trauma or ventilator-associated pneumonia (VAP) (12) (13) (14) . Esteban and his colleagues stressed that the longer the length of MV, the higher the mortality rate (11). So, reliable parameters are necessary for a successful weaning time.
The highest predictive value has been identified for RSBI, but for measuring RSBI in spontaneous ventilation, a patient must be removed from the ventilator, followed in t-tube, and a spirometry or capnography should then be applied. Because of the complexity of the procedure, we tried to find out whether RSBI measured in different pressure combinations during MV can reflect close measurements to RSBI spontaneous and whether it could be used for the prediction of weaning success.
Rapid shallow breathing index is a parameter measured at the beginning of SBT (10) . During the weaning process, a RSBI measured at the first minute of t-tube trial below 105 is a strong predictor of safe weaning and successful extubation. A sensitivity of 97% and a specificity of 65% were found for this threshold value (3, 15, 16) . However, it was found in some studies that RSBI did not have enough efficiency during its routine use for weaning, especially during prolonged MV. The most suitable RSBI value was measured as 97 in one study that evaluated the efficiencies of the weaning parameters, but the accuracy of Yang and Tobin's index (RSBI) with a threshold value of 105 was found to be only 59% in patients with prolonged MV (9, 17, 18) . Similarly in our study, there was prolonged MV for most of our patients. This might be the cause of not identifying a threshold value of RSBI for the prediction of SBT success.
In the study of Bien et al. (19) , RSBI were performed for three 30-minute periods while the patients randomly received a T-piece, 100% inspiratory automatic tube compensation with 5 cm H 2 0 PEEP and 5 cm H 2 0 PSV with 5 cm H 2 0 PEEP. They found that T-piece trial is the best choice for predicting the extubation outcome in ICU patients. In our study, RSBI was measured at the beginning of SBT and was recorded as a mean of multiple values at certain periods of the SBT; furthermore, it was calculated separately in different PSV and PEEP values before SBT. No significant differences were identified in both the whole study population and in the SBT success and failure groups. This is why a clear threshold could not be determined. When PS was reduced from PSV 20 cm H 2 O to PSV 10 cm H 2 O, the f and RSBI values significantly increased while VT significantly decreased. These parameters did not vary when PSV was reduced from PSV 10 cm H 2 O to PSV 5 cm H 2 O (20). In a prospective study by El-Khatib et al. (21) , RSBI values under various ventilator support settings prior to extubation were evaluated. Similar to our study, they compared RSBI measured as 0 cm H 2 0 PSV/5 cm H 2 0 PEEP and 40% FiO 2 , 0 cm H 2 0 PSV/5 cm H 2 0 PEEP and 21% FiO 2 , and a 1 minute spontaneously breathing room air trial off the ventilator (T-piece). They found that in the same patient with the use of PSV and/or PEEP as low as 5 cm H 2 0, smaller RSBI values were identified when compared with the ones measured during the T-piece. They found no effects from changes in FiO 2 on the RSBI values (21 O, the RSBI and f values increased and VT decreased, but this was not statistically significant. When PEEP was adjusted to 0, RSBI increased, but there was no significant change in f and VT values as the PS value was decreased. This result can support VT's direct correlation with the PS level and the indirect correlation with the PS level of f and RSBI. As a result, RSBI measured on ventilator was not determined as a decisive criterion for this combination, although there were some combinations that had a good correlation with spontaneous breathing. One of the most important reasons why we could not determine a threshold value may have been the insufficient number of patients. Similar to our study, in a study performed by Gonçalves et al. (22) , the effect of low PSV on RSBI was evaluated. They measured RSBI prior to extubation while the patient was connected to the ventilator and receiving PSV and 5 cm H 2 0 of PEEP and then they disconnected their patients from the mechanical ventilator and then measured RSBI during spontaneous ventilation with a Wright spirometer. They found that, in patients with extubation failure, the RSBI measured in spontaneous ventilation was higher than the one measured with PSV (22). We preferred the term of "SBT success" instead of "weaning success" in our study to emphasize whether the patients were extubated or not on the day when the studies were done. We considered the patients who were extubated on the day of SBT and not reintubated within 48 hours as the "SBT success group" after a clinically objective and subjective evaluation by modifying some criteria according to the European Respiratory Journal (ERJ) definition (8) . We considered the patients who could not be extubated on the day that the measurements were done or who were reintubated within 48 hours after extubation as the "SBT failure group. " In the study by Sassoon et al. (26) , while there were significant differences among pH, PaCO 2 , PaO 2 , and FiO 2 values, there were no significant differences among VT, P 0.1 , f, and RSBI values in the success and failure groups of weaning. Similarly in our study, there were no significant differences among RSBI, VT, PaCO 2 , and PaO 2 , values when SBT success and failure groups were compared. Some researchers have found that VT has shown a direct variability with PS and an indirect variability with f and RSBI (27, 28) . The reason for this was that the patient breathed with a high VT and low f when the muscles were exposed to a high PSV. Conversely, a low PSV affects RSBI. However, the studies showed that the VT and f values did not decrease significantly in low PSV modes (29, 30) . Our study also supports this, and significant differences among f, VT, RSBI, and VE values were not determined at different PSV levels.
When the other parameters used for weaning in each of the two groups were evaluated, VE was significantly different in the PSV 0 cm H 2 O/PEEP 5 cm H 2 O combination. There are lots of studies in the literature investigating the value of the respiratory rate in weaning success and that report different cut-off values, such as 38 breaths/min or 35 breaths/min (2, 20) . In our study, the f values in the SBT failure group were higher than in the SBT success group and the threshold for the PSV 0 cm H 2 O/PEEP 5 cm H 2 O and PSV 5 cm H 2 O/PEEP 0 cm H 2 O combinations were measured as 27. This can be interpreted that
